. Our analysis reveals a discrepancy in this estimate, due to neglect of a considerable extent of glacier ice (�249 km 2 ) that is actually within the Nubra catchment. Correction of the error reduces the mass-balance estimate to -0.23 m w.e. a -1 even though other possible errors (e.g. overestimation of evaporation) are not corrected. This revised estimate is a lower bound. An upper-bound estimate suggests that in fact the mass balance may have been near zero, which would be consistent with recent studies and would extend the duration of the Karakoram anomaly. Bhutiyani (1999) is still the only study reporting in situ, whole-glacier measurements of mass balance, and the only study of any kind indicating substantial mass loss, in the Karakoram. This may explain why it has been cited in at least 14 publications (e.g. . However, a recent remote-sensing study shows no substantial change in glacierized area in the Karakoram during an overlapping study period (Bhambri and others, 2013) , and the Bhutiyani measurement may conflict with evidence for the Karakoram anomaly identified by Hewitt (2005) . Bhutiyani (1999) used measurements of precipitation and discharge over the period 1986-91. Precipitation was measured over the glacier area using gauges and stakes. In addition, gains by avalanching from valley sides were calculated explicitly. The discharge was measured �200 m downstream of the terminus of Siachen Glacier, and was assumed specific to the glacier area, not to the entire catchment. Evaporation was calculated as a function of annual mean temperature at a single point at 4800 m a.s.l. and was extrapolated over the whole catchment, neglecting the area-altitude distribution of the glacier and the vertical temperature gradient. The annual losses by evaporation, which range from 14% to 23% of ablation, are probably overestimated by Bhutiyani (1999) since the temperature measurement station is lower, and therefore warmer, than �82% of the area of Siachen Glacier (Bhutiyani, 1999, table 1) . Moreover, it is plausible that evaporation may be roughly balanced by condensation in a glacial environment (Aizen and others, 1997) . However, the main issue raised in the present study is catchment area. Although Bhutiyani (1999) discussed possible errors in estimates of precipitation and discharge, he did not explain his delineation of the glacier catchment.
Runoff in specific units (m w.e. a -1
) will be incorrectly calculated if discharge measured at a point (m 3 a -1 ) is divided by the wrong catchment area (m 2 ). In measurements of glacier mass balance by the hydrological method, the catchment is defined by glacier boundaries, but the water balance of the ice-free areas above the point of discharge must be accounted for (Cogley and others, 2011) .
We have used the Shuttle Radar Topography Mission (SRTM) (90 m) digital elevation model (DEM) to delineate the catchment of the Nubra River at the terminus of Siachen Glacier and have found an area of 2056 km 2 ( Fig. 1 ). The catchment includes North and South Terong Glaciers, hereafter referred to as 'the Terong Glaciers'. The river originating from the Terong Glaciers meets Siachen Glacier �5.3 km above its terminus. Its flow must be presumed to mix with the flow of meltwater from Siachen Glacier, and the combined flow must emerge from the terminus of Siachen. Comparison of Figure 2 with Figure 1 shows that Bhutiyani (1999) omitted the Terong Glaciers from his calculations.
Landsat imagery of 29 June 1990 (available at ftp.glcf. umd.edu) gives the position of the terminus of Siachen Glacier at the time of the Bhutiyani study (Fig. 1) . Siachen Glacier, which is 74 km in length, did not change its terminus position significantly during 1995 -2008 (Ganjoo and Koul, 2009 ). Moreover, Bhutiyani (1999) mentions no change and shows a very similar glacier outline (Fig. 2) . Therefore, the terminus position and total area of Siachen Glacier are assumed here to be stable.
We have measured glacier areas from outlines in the glacier inventory of the International Centre for Integrated Mountain Development (ICIMOD) (Bajracharya and Shrestha, 2011) . The glacierized area inside the Siachen catchment outlined by ICIMOD is 971 km 2 . The value is not very different from Bhutiyani's 987 km 2 . In the ICIMOD inventory, the glacierized area inside the Terong catchment is 248 km 2 . Superimposing the ICIMOD glacier outlines on the Landsat imagery of 1990, we found a small change at the terminus of South Terong Glacier. After incorporating this change, the total Terong Glaciers area (including small glaciers) was found to be 249 km 2 in 1990. Thus our estimate of the total glacierized area tributary to the terminus of Siachen Glacier in 1990 is 1220 km 2 . The flow of the Nubra River measured at the discharge station and used by Bhutiyani (1999, (discharge divided by contributing area) is the same from each of these three parts of the catchment it is possible to estimate an upper bound for the mass balance of Siachen Glacier. It is an upper bound because runoff from the icefree terrain is likely to be small once all the snow has melted. In Table 1 this re-scaling of runoff and re-estimation of mass balance (which is a rough estimation given the sparse data) is done for each of Bhutiyani's five massbalance years and for the whole 5 year period. The upper bounds for mass balance in row 13 of the table, with positive mass balance in four of the five years, can be compared with the lower bounds in row 20, which were obtained, after re-scaling of runoff, by assuming (as did Bhutiyani in effect) that runoff from the ice-free terrain is zero. Thus only the Terong and other small glaciers contribute runoff in addition to that from Siachen Glacier. The lower-bound calculations give a 5 year average mass balance of -232 mm w.e. a -1 , almost 55% smaller than the -515 mm w.e. a -1 of Bhutiyani (1999) . It should be noted that a plausible overestimation of evaporation is not considered in these calculations.
Catchment area plays a vital role in hydrological massbalance measurement. Bhutiyani (1999) did not give due attention to this fact. Our recalculation of the mass balance of Siachen Glacier, using total catchment area to obtain an upper bound and total glacierized area to obtain a lower bound, suggests that the balance for 1986-91 was actually between +0.22 and -0.23 m w.e. a -1
. Hence, coupled with a probable overestimate of mass loss by evaporation, the correction of the Bhutiyani calculations for inaccurate meltwater losses appears to be consistent with a mass balance near zero for Siachen Glacier during 1986-91. In turn this would be consistent with recent geodetic measurements (Gardelle and others, 2012) and would increase the known duration of the Karakoram anomaly first proposed by Hewitt (2005) . Fig. 2 . The outline of Siachen Glacier given by Bhutiyani (1999) , showing the discharge station but no Terong Glaciers. Dots mark precipitation measurement sites. At Station 'A', temperature was also measured. ) based on total glacierized area.
